SUMMARY The effect of high salt intake on rascular and renomedullary prostaglandin (PG) synthesis was compared in Sprague-Dawley and salt-sensitive (S) and -resistant (R) Dahl rats. Animals were given a diet containing either 0.6% or 8% NaCI starting at 5 weeks of age, and were sacrificed 6 weeks later. Systolic blood pressure of S rats increased to 220 ± 7 mm Hg but was unaffected in R and Sprague-Dawley rats. Prostaglandin synthesis was studied in aortic rings and renomedullary mlcrosomes using 14 C-arachidonate as substrate.
have shown a positive correlation between demonstrate genetically determined differences in habitual salt intake and the prevalence of renal function between animals prone t o ' develop hypertension.
1 "* The mechanisms by which increased hypertension (salt-sensitive) and those that maintain dietary sodium initiates and maintains hypertension normal BP (salt-resistant) when fed high salt diets. '" 8 are not known, however. Studies on experimental It is also possible that BP elevation in response to salt animals have convincingly demonstrated that genetic is the result of vascular changes not necessarily related factors are involved, 4 ' 8 and it is likely that such facto the expansion of extracellular fluid volume, tors also operate in human essential hypertension. The
Prostaglandins are involved in the • regulation of physiological and biochemical pathways through both sodium balance and vascular smooth muscle which genetic factors exert their influence on blood tone. It is possible that differences in the pattern of pressure (BP) are unclear. Because of the pivotal role renal and vascular prostaglandin metabolism mediate, of the kidney in regulating BP by maintaining sodium in part, the variable response of BP to salt. The study of the role of prostaglandins in salt-induced hypertension has been facilitated by the development of two From the Department of Pathology, Veterans Administration strains of rats, one sensitive (S) and one resistant (R)
%S ^JX^$^ffi?^s£% t0 the effects of salt. 
Materials and Methods
Experiments were carried out on male SpragueDawley rats (BioLab Company) and Dahl saltsensitive and -resistant rats (from the colony maintained at Brookhaven National Laboratories, Upton, New York). Systolic BP was measured under light methoxyflurane anesthesia with a tail-cuff sphygmomanometric technique between 8:30 and 9:30 A.M. at weekly or biweekly intervals. At age 5 weeks, the animals were randomized into the high (8% NaCI) or normal (0.6% NaCI) salt-diet group (10 to 14 animals in each of the six experimental groups). Their diets were otherwise identical and were obtained from Purina Company. The animals were allowed free access to food and water. The amounts of water and food consumed were measured daily, and the body weight weekly. The animals were sacrificed at 11 weeks of age.
For measurement of prostaglandin synthesis by aortic rings, segments of the thoracic aorta (40 mm long from the origin of the left subclavian artery) were cleaned meticulously of periadventitial tissue and sliced to 1 mm thickness with a Mclllwain tissue slicer; the tissues were prepared in the cold (0°-4°C) and were kept wet in cold Krebs solution. The aortic segments (two aortas per tube) were placed in 1.5 ml Krebs, then incubated at 37°C under 95% O 2 + 5% CO, for 15 minutes, and then transferred to tubes containing 0.2 fid 14 C-arachidonate (Amersham/ Searle, Arlington Heights, Illinois, sp. activity 55 mCi/ mmole) in 1.5 ml Krebs solution. Incubation was carried out for 1 hour with shaking at 37°C under 95% O 2 + 5% COj. The reaction was stopped by acidifying to pH 3 with 0.5 M citric acid. Then 1 ml of the reaction medium was extracted twice with 2.5 ml ethyl acetate, and the combined extracts were dried under nitrogen.
The extracts were then taken up in 100 fi\ of benzene-ethanol (4:1 v/v) for thin layer chromatography on silica gel plates. Standard solutions of arachidonate, prostaglandins, and their metabolites were spotted together with the specimens. The upper phase of ethyl acetate: isooctane:acetic acid:water (110:50:20:100, by vol) was used as solvent, and the plates were developed to 15 cm from the origin. After drying, the standards were visualized with iodine vapors, and the corresponding radioactive spots were visualized by autoradiography and scraped off for radioactivity measurement. Conversion of U Carachidonate to 6-keto-PGF la , the stable metabolite of PGIj, was used as an index of aortic PGI 2 synthesis.
For renomedullary prostaglandin synthesis, microsomes were prepared as previously described. 12 Briefly, renal medullae were homogenized in 4 vol of 50 raM tris-HCl (pH 8.0) and spun at 700 g for 10 minutes. The supernatant was centrifuged at 8500 g for 15 minutes and the resultant supernatant at 104,000 g for 60 minutes. The microsomal pellet was resuspended in tris-HCl buffer (50 mM, pH 8.0). Prostaglandin synthesis was assayed in a medium containing 50 mM tris-HCl (pH 8.0), 1 mM L-epinephrine, 0.5 mM reduced glutathione, 0.3 mg microsomal protein, and 0.1 jtCi M C-arachidonate in a total volume of 0.5 ml. Incubation was carried out at 37°C for 15 minutes, and the reaction was stopped by acidification to pH 3. Extraction and chromatography of prostaglandins were carried out as described above.
The activity of cortical NAD + -dependent 15-hydroxy-prostaglandin dehydrogenase was assayed in a medium containing 50 mM tris-HCl (pH 8.0), 1 mM NAD +, 1 M g PGE,, 0.2 M Ci fHJPGE, (55 mCi/ mmole, Amersham/Searle), and 0.5 mg protein from the high-speed (104,000 g) supernatant in a total volume of 0.5 ml.
11 Incubation was carried out at 37°C for 15 minutes. Extraction of prostaglandins and thin-layer chromatography were carried out as described above. Enzymatic activity was calculated from the percentage of ['HJPGEj converted to 15-keto-PGEs; 13,15 diketo PGE a was less than 5% to 10% of 15-keto-PGE,
Results
The effect of salt on the BP of Dahl rats is shown in figure 1 . After 3 weeks of excess salt intake the systolic BP in salt-sensitive rats increased progressively and reached 220 ± 7 mm Hg at 6 weeks. The S rats on regular (0.6% NaCi) diet had an average of 15 mm Hg higher BP than R rats but this difference did not increase with time. High salt diet had no effect on the BP of R rats. Sprague-Dawley rats had a systolic BP of 126 ± 3 mm Hg and this was not affected by saltloading. Food intake was similar in the S and R rats on either diet. The amount of water consumed by the AGE (weeks) 10 
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FIGURE 1. Course of systolic blood pressure in saltsensitive (triangles) and salt-resistant (circles) Dahl rats, on regular (open triangles and circles) or 8% NaCI (black triangles and circles) diet. Results represent mean ± SE for 18 animals in each group
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221 animals on high salt diet was 2.7 times that consumed by animals on regular diet, and there were no differences between S and R rats. At 5 weeks of age, the body weight was 127 ± 5 g in R and 127 ± 7 g in S rats, and at 11 weeks it was 340 ± 7 g and 336 ± 8 g respectively. Eleven-week-old R rats that had been on 8% NaCl for 6 weeks weighed 339 ± 8 g, and the similarly treated S rats, 334 ± 6 g. The dry weights of the thoracic aortae (40 mm length) for 11-week-old animals on 0.6% NaCl were: Sprague Dawley, 11.6 ± 0.3 mg; Dahl R, 13.6 ± 0.5 mg; and Dahl S, 15.1 ± 0.5 mg. In animals fed 8% salt, the dry aortic weights were: Sprague Dawley, 12.1 ± 0.3 mg; Dahl R, 14.1 ± 0.5 mg; and Dahl S, 17.0 ± 0.5 mg. A significant increase (appr. 13%) of aortic weight was noted only in S rats, and this was probably related to the development of hypertension. In all experimental groups, the aortic rings synthesized predominantly PGI 2 . The time course of prostaglandin synthesis by aortic rings of normal animals is shown in figure 2 . The effect of excess salt intake on aortic prostaglandin synthesis is shown in table 1. In S rats, PG synthesis increased significantly when excess salt was added to the diet, while this diet had no effect on the aortas of R and Sprague-Dawley rats.
The effect of salt-loading on prostaglandin synthesis by renomedullary microsomes is shown in table 2. Among animals on regular diet, S rats had significantly lower PGEj synthesis. After 6 weeks on salt, renomedullary PG synthesis increased in all three experimental groups, but S rats remained well below the levels of either R or Sprague-Dawley rats. High salt diet enhanced the synthesis of the major prostaglandin classes (Ej, Fj,,, and D) both in S and R Dahl rats without significantly altering their ratios. Medullae from Sprague-Dawley rats showed a great variability in their capacity to synthesize PGF,,, as well as in the responses of this prostaglandin to salt-loading. This may reflect greater genetic heterogeneity among commercially available Sprague-Dawley rats than is present among S and R rats selectively bred in a closed colony.
The time course of PGEj degradation by the NAD + -dependent dehydrogenase is linear for at least 30 minutes (fig. 3) . The effect of salt-loading in PG dehydrogenase activity in the three experimental groups is shown in table 3. A significant increase in enzymatic activity after 6 weeks on salt was seen in Dahl S and Sprague-Dawley rats, but salt-resistant rats had minimal increment in activity. 150 ± 18* High salt (8%) diet was started at 5 weeks of age and continued for 6 weeks. Aortic rings (two thoracic aortae per tube) were incubated in Krebs solution (pH 7.4) with 0.2 jiCi sl C-arachidonate at 37°C for 60 minutes. Results represent mean ± 8E for seven paired experiments. The probability factor is based on the difference compared to the 0.6% NaCl group.
*p < 0.05. fp < 0.01. JNot significant High salt (8%) diet was started at 5 weeks of age and continued for 6 weeks. Renomedullary microsomes (0.3 mg protein) were incubated in 60 mM Tris-HCl (pH 8.0) with 0.1 AiCi [ 21 C] arachidonate at 37° C for 15 minutes. Results represent mean ± SE for seven paired experiments. Probability factor is a result of comparison to the 0.6% NaCl group.
•p<0 01. fNot significant 
Discussion
The results of the present study demonstrate disparate effects of salt-loading on aortic and renomedullary prostaglandin synthesis. Only salt-sensitive Dahl rats responded to excess salt intake with an increase in aortic PGI a synthesis. Since this experimental group was also the only one to develop hypertension after salt feeding, the enhancement of vascular prostaglandin synthesis can be viewed as a secondary response to the hypertensive process rather than a direct effect of salt. Increased PG synthesis by the aortas of these hypertensive animals could not be accounted for solely on the basis of increased cell mass; the per cent difference (approximately 63%) of PGI S synthesis between the two groups of S rats far exceeded the difference in aortic dry weights (approximately 13%).
A similar enhancement has been shown in other models of induced or spontaneous hypertension 11 ' 1 ,*-1 ' and may represent a compensatory mechanism by which the hypertensive process is contained to some extent. Enhancement of vascular prostaglandin synthesis could attenuate the hypertensive process as is implied by the aggravation of hypertension when prostaglandin synthesis is inhibited.
1 "- 17 It should be noted that even on regular salt diet, S rats had higher BP (15 mm Hg difference) and lower aortic PG synthesis than R rats. In view of the fact that increased intraluminal pressure may stimulate PG synthesis, it is possible that the differences between S and R rats were blunted to some extent. Although high salt intake stimulated renomedullary prostaglandin synthesis in all three experimental groups, important quantitative differences were noted. The sensitive Dahl rat had the lowest prostaglandin synthetic capacity while on a regular diet and, despite the significant increase induced by excess salt, did not reach that seen in normotensive animals.
The activity of NAD + -dependent dehydrogenase responded to salt-loading in a pattern different from that of endoperoxide synthetase. Of the three experimental groups, Dahl R rats had the lowest activity and failed to respond to the high salt diet. Both Dahl S and Sprague-Dawley rats showed a marked increase in the activity of this prostaglandin-degrading enzyme when given excess salt. The contrast between the response of endoperoxide synthetase and dehydrogenase in Dahl rats suggests that salt affects these two enzymes independently. The combination of the observed effects of excess salt on prostaglandin synthesis and catabolism would result in the highest increment of prostaglandin output in the R rat and lowest in the S Dahl rat.
The effect of salt-loading on prostaglandins has been the subject of previous investigations with variable results.
1MS It should be noted that most of these studies were short-term (less than 48 hours), and the effects of salt were gauged by measuring changes in the plasma, renal venous effluent, or urinary prostaglandin concentrations. Usually, the changes reported were concordant in all major prostaglandin classes with the exception of Weber et al." who found increased urinary PGFja and decreased PGEj output in rabbits in response to salt. Such differential effect has not been confirmed by subsequent studies. 10 The discrepancies in the literature may be partly due to differences in the experimental design, animal species, and methodology for assessing prostaglandin synthesis. The present study shows unequivocal changes in renal prostaglandin metabolism after long-term salt-loading. If these in vitro findings are representative of the in vivo situation, the pattern of response of renal prostaglandin metabolism to chronic salt excess may be related to the susceptibility or resistance to hypertension. Tan et al. 25 have recently reported that sodium-loading of Dahl rats resulted in a transient increase in urinary PGE a excretion which was higher in S rats and had returned to control values by the 5th week. Differences in methodology may account for the discrepancy between their findings and other studies in both humans 21 and the Dahl sensitive rats." The interest in the influence of salt on renal prostaglandins is based on the effects of prostaglandins on sodium-handling by the kidney. Prostaglandins may modify renal hemodynamics and tubular sodium reabsorption. Although the role of prostaglandins in the regulation of renal blood flow is probably minor under physiological conditions," it may become critical in pathological situations, such as hypertension. These substances affect salt and water balance both directly and indirectly. Indirect effects include those secondary to interference with blood flow distribution, 28 ADH action on the distal nephron 17 ' N and interaction with angiotensin and kallikrein-kinin systems. 30 Direct effects on tubular functions have been demonstrated by Kauker* 1 who observed inhibition of sodium reabsorption after injection of PGEj within the lumen of rat kidney tubules and by Stokes and Kokko" in isolated perfused collecting ducts.
In view of the natriuretic properties of prostaglandins, their increased synthesis following sodium-loading could be be viewed as a compensatory mechanism designed to maintain sodium homeostasis. Failure of this compensation would facilitate the induction and/ or maintenance of hypertension. From this point of view, our findings in the Dahl rats are of particular interest since these animals have been inbred for their susceptibility or resistance to the prohypertensive effect of salt. Ganguli et al. 10 showed low renal papillary plasma flows in Dahl S rats prior to the initiation of a high salt diet. R rats responded to the excess salt by increasing renal papillary flow while S rats failed to increase flow to the same level. In view of the role of prostaglandins in regulating the medullary blood flow, these hemodynamic results are strikingly similar to the directional changes in renal prostaglandin metabolism reported in this study. Thus, deviations in prostaglandin metabolism may be implicated in the inability of S rats to increase their natriuresis in response to excess salt intake. Hypertension may thus ensue to achieve homeostasis by "pressure natriuresis." It is interesting to note that the low renomedullary PGEj synthesis in S rats on 0.6% NaCl is associated with a small rise in BP compared to R rats ( fig. 1 ). When S rats are placed on 8% NaCl, the resultant enhancement of prostaglandin synthesis is inadequate to meet the challenge of the high salt load and further increments in BP ensue.
Even though prostaglandins are probably not the sole determinants of the ability of the kidney to handle a sodium load, their known physiological effects make them likely contributors to the pivotal role of the kidney in the pathogenesis of hypertension in the Dahl rat. Further studies are in progress in our laboratory to determine the mechanisms by which high salt diet influences renal prostaglandin metabolism.
